 3  2 
1 3 8 previously described. 17, 19 For differentiation, colonoids were maintained in a medium 1 3 9 that lacked Wnt3A, R-spondin1, and SB202190 for 5 days. 19 Most results of the 1 4 0 current study were obtained from colonoids derived from one healthy donor, with similar Cells were fixed in 4% paraformaldehyde for 20 minutes, incubated with 5% bovine 1 4 7 serum albumin/0.1% saponin in PBS for 1 hour, and incubated with primary antibody 1 4 8 against DRA (mouse monoclonal, 1:100, sc-376187, Santa Cruz, Dallas, TX) overnight 1 4 9 at 4 °C. Cells were then incubated with Hoechst 33342 and secondary antibody against 1 5 0 mouse IgG (1:100) for 1 hour at room temperature. Finally, cells were mounted and 1 5 1 studied using a Carl Zeiss LSM510/META confocal microscope (Thornwood, NY). In At 4 °C, cells were incubated with 1.5 mg/mL NHS-SS-biotin and solubilized by lysis 1 7 5 buffer. A small proportion of the protein lysate was collected as the total lysate, while 1 7 6 the rest was incubated with avidin-agarose beads overnight. The beads were 1 7 7 centrifuged and washed with lysis buffer containing 0.1% Triton X-100. Biotinylated 1 7 8 proteins were eluted from the beads and collected as the surface fraction. Immunoblotting was performed as described above and the percentage of surface For Caco-2 and colonoid monolayers, the apical side was superfused with Clsolution 2 0 0
or Cl --free solution, while the basolateral side was superfused continuously with Cl - basolateral) and CFTR inh -172 (5 µmol/L, apical). The cells were exposed to these 2 0 5
compounds for at least 8 minutes before their effects on Cl -/HCO 3 exchange activity Following exposure to the inhibitor in both apical and basolateral superfusate for at least 2 1 8 15 minutes, the effects of serial concentrations of the inhibitor (0, 0.1, 0.25, 0.5, 1, 2.5, 5 2 1 9 µmol/L) on Cl -/HCO 3 exchange activity was studied. The IC 50 was calculated by a 2 2 0 logistic regression model using Origin 8.0 software. The results of at least three repeated experiments of HEK293 cells, Caco-2 cells, test or ANOVA if more than two comparisons were performed. P < 0.05 was considered 2 2 7 statistically significant. grown on Transwell inserts, as a protein with two bands, one >102 kDa and one >76 2 3 4 kDa (Fig 1A) , as previously reported. 19 The specificity of this antibody was supported 2 3 5 by CRISPR/Cas9 KO in Caco-2 cells (Fig 1A) . In addition, while HEK293 cells do not 2 3 6 express DRA endogenously, transfection of human DRA revealed the same two 2 3 7
bands. 19 In addition, we previously reported that deglycoslyation of DRA by PNGase F days post-confluency with increasing expression until day 14-18. In human proximal colonoids, DRA expression also greatly increased in (grown in the presence of WNT3A) (Fig 1C) . This occurred at least in part 2 4 6 transcriptionally, as we previously reported, with increase in DRA mRNA of 21 fold upon 2 4 7 differentiation of duodenal enteroids determined by qRT-PCR. 19 In addition,
PAT-1 is not a significant contributor to the Cl -/HCO 3 exchange assays in these three 2 8 7 cell types. In addition, we used a newly described small-molecule DRA inhibitor, respectively (n=3 for each). These studies indicate that apical Cl -/HCO 3 exchange 2 9 5 activity in HEK293/DRA, Caco-2 and proximal colonoids was almost entirely due to 2 9 6 DRA activity. To determine whether cAMP acutely affects DRA activity, studies were carried out in 3 0 1 HEK293 and Caco-2 cells and in human colonoid monolayers. Initial studies were 3 0 2 performed in HEK293 cells that stably express human DRA but do not express CFTR 3 0 3 endogenously. 9,24 DRA activity was present but exposure to forskolin (10 µmol/L, 10 3 0 4 min) did not alter DRA activity (Figs 5A, B) . (Figs 6A, B) ; similarly, under the same experimental conditions as used for cell surface 3 1 2 biotinylation, forskolin increased the amount of surface DRA visualized by 3 1 3 immunofluorescence (Fig 6C) .
Because the presence of CFTR in oocytes was sufficient for cAMP stimulation in stimulated DRA activity in HEK293/DRA cells transfected with CFTR (Fig 7A) . CFTR cells (Figs 7A, B) . This demonstrates that cAMP stimulation of DRA requires CFTR but 3 3 0
does not require CFTR transport activity. DRA in the apical domain (Fig 1E, F) . Similar studies to those in HEK cells determined DRA is a glycoprotein, both when exogenously expressed in HEK293 cells and CHO 3 4 0 cells or endogenously expressed in mouse intestine. [26] [27] [28] [29] Its molecular size as revealed 3 4 1 by Western blot varies and this is probably due to heterogenous glycosylation in 3 4 2 different cell systems and animal species. [26] [27] [28] [29] [30] We report here that human DRA in bands; the upper band is slightly above 102 kDa and the lower band is slightly above 76 with 1:1 stoichiometry, there continues to be confusion relating to its acute regulation, some segment-specific differences described for mouse intestine. In mouse duodenum, DRA is expressed, basal HCO 3 secretion was DRA-dependent but CFTR-independent;
3 7 9 however, with forskolin stimulation, the increased HCO 3 secretion was dependent on The finding presented here is that in both Caco-2 cells and human proximal colonic assay. This represents another example of the regulatory function of CFTR that does 3 9 0 not require the transport function of CFTR. 35 The current study concentrated only on 3 9 1 human proximal colonoids that were differentiated and thus represented surface and 3 9 2
upper crypt epithelial cells. Similarly, we showed by immunofluorescence that intact CFTR and DRA. Moreover, the forskolin stimulation was associated with increased 3 9 5
surface DRA supporting that trafficking or increased plasma membrane stability is 3 9 6
involved in the mechanism of the cAMP stimulation of DRA. Thus, these studies identify that CFTR is involved in cAMP stimulation of DRA activity. Cl-/HCO3-exchanger in the upper villous epithelium of the murine duodenum. Gastroenterology 2010;139(2):620-31. Cl-/HCO3-exchange in rabbit, rat, and human duodenum. Gastroenterology 
